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WHAT IS CLAIMED IS : 

1. A scanning optical apparatus copfprising; 
light source means; 

a deflecting element for deflecti^hg a beam of 
light emitted from said light source/ means ; 

optical means for causing the/beam of light 
'emitted from said light source me^ns to be imaged into 
a linear shape long in the mair/^ scanning direction on 
the deflecting surface of saio deflecting element, said 
optical means being comprisjed of a first optical 
element and a second optipsal element; and 

a third^ optical elefcent for causing the beam of 
light def l4cted y^^— said deflecting element to be imaged 
into a spot \1 ike shape on a surface to be scanned^ said 
third optical e^gy^t comprising a single lens, the 
opposite lens^uE^f aces of which both comprise a toric 
surface of an aspherical surface shape in the main 
scanning plan^a, the curvatures of said opposite lens 
surfaces in Ahe sub scanning plane being continuously- 
varied frcMn the on-axis toward the off-axis in the 
effective' portion of the lens. 
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2/ A scanning optical apparatus according to 
Claim^ 1/ wherein said light source means has a 
plui/ality of light source units capable of being 
independently modulated. 
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3 • A scanning op-fcical apparatus according to 
Claim 1, wherein when the curve amounts of theJ loci, in 
the main scanning plane, of the front side principal 
plane and the rear side principal plane of/said third 
5 optical element in the- sub scanning direcftion (the 

difference in the direction of the optical axis between 
the most off-axis principal plane position and the on- 
axis principal plane position) are Km and xu, 
respectively, the following condi-p-on is satisfied: 
10 xm < dx < xu, 

where 

Xpri* Epri (c^sOimgr-cosOpor) 
Ipri* cosQppr-^Epri' cosQ Img 

T 

lpT±i ±B -^he distance/ from the deflecting surface 
le deflecting element in the on-axis 
to the front side principal plane in 
subyfecanning direction; 
Epri is the distance from the rear side principal 
plan^^ in the sub scanning direction in the 
20 on-axis beam to the surface to be scanned; 

epor is thp angle formed in the main scanning 

.ane by the most off -axis beam deflected 
^by the deflecting element with respect to 
the optical axis; 
25 Gimg yis the angle formed in the main scanning 

plane by the most off -axis beam incident 
on the surface to be scanned with respect 
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"to -the optical axis. 



4. A scanning optical apparatus according to 
Claim 1, wherein the sign of the curvati^^re of at least 
one of the opposite lens surfaces of l^e single lens 
constituting said third optical element in the sub 
scanning plane is reversed from th^ on-axis toward the 
of f -axis. 
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10 5 . A scanning optical /apparatus according to 

Claim 1, wherein said thir^^ optical element is made by 
plastic molding. 

6 . / A ^canning of>tical apparatus according to 
Claim 1,\ wherein "^sai^d third optical element is made by 
glass mold^i^^ 

7. A scai4ning optical apparatus comprising: 
light source means; 

20 a deflecting element for deflecting a beam of 

light emitted from said light source means; 

optical means for causing the beam of light 
emitted from said light source means to be imaged into 
a line^ shape long in the main scanning direction on 
25 the deflecting surface of said deflecting element; and 
^an optical element for causing the beam of light 
def3fected by said deflecting element to be imaged into 
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a spot-like shape on a surface to be scanned, said 
optical element comprising a single lens, the opposite 
lens surfaces of which both comprise p. toric surface of 
an aspherical surface shape in the main scanning plane, 
the curvatures of said opposite l^?ns surfaces in the 
sub scanning plane being continuously varied from the 
on-axis toward the off -axis in/ the effective portion of 
the lens . 

8, A scanning optical apparatus according to 

/ 

Claim 7, whefrei>n said light source means has a 
plurality c|f lij^ht sou/ce units capable of being 
independently "modulated . 
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15 9, A scanni4ig optical apparatus according to 

Claim 7, wherein/when the curve amounts of the loci, in 
the main scann^g plane, of the front side principal 
plane and the/rear side principal plane of said optical 
element in 1^e sub scanning direction (the difference 
in the direction of the optical axis between the most 
off-axis i)rincipal plane position and the on-axis 
principal plane position) are xm and xu, respectively, 
the following condition is satisfied: 
cm < dx < xu, 

25 wheri 
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Ipri* Eprl {co&Qiwg'-cosQpo 
Ipri' cosQpor+Epri' cosQ img 



Ipri is the distance from the deflecting surface 
of the deflecting element in the on-axis 
beam to the front sxde^ principal plane in 
the sub scanning direction; 

Epri is the distance from Ahe rear side principal 
plane in the sub/scanning direction in the 
on-axis beam to^ the surface to be scanned; 

epor is the angle formed in the main scanning 

plane by thef most off-axis beam deflected 
by the deflecting element with respect to 



the optical axis; 
eimg ydTs^N^he angl^ formed in the main scanning 

\e by the most off -axis beam incident 
\^n surface to be scanned with respect 
the optical axis. 



10. A scanning optical apparatus according to 
Claim 7, wherein the sign of the curvature of at least 
one of the /opposite lens surfaces of the single lens 
constituting said optical element in the sub scanning 
plane is/ reversed from the on-axis toward the off -axis. 




l/L . A scanning optical apparatus according to 
Claimr 7 , wherein said optical element is made by 
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plastic molding • 




12. >^Ycann;mg optical apparatus according to 
Claim 7, wher^^m said third optical element is made by 
glass moldd 



A scanning optical apparatus corner; 



A scanning optical apparatus comprising; 

/ ' 

light source means having a pluralJrty of light 
source units capable of being independently modulated; 
10 a deflecting element for deflecting a plurality of 

independently modulated beams of flight emitted from 
said light source means; 

optical means for causing^ the plurality of 
independently modulated beam^ of light emitted from 
15 said light source means t^/be imaged into a linear 

shape long in the main scanning plane on the deflecting 

/ 

surface of said deflecting element, said optical means 
being comprised'^of^ first optical element and a second 
optical element; and/ i 

/' — V 

20 a thfird opticaSelemen-t for causing the plurality 

of beams |of light /deflected by said deflecting element 
to be imaged===i-ntp a spot-like shape on a surface to be 
scanned, said third optical element comprising a single 
lens, the curvatures of the opposite lens surfaces of 

25 said single l0ns in the sub scanning direction being 
continuously,? varied from the on-axis toward the off- 
axis in the /effective portion of the lens. 
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A scanning optical apparatus according to 

^ / 

Claim wherein when the maximum value yand minimum 



value of the F number of the beam of light incident on 
the surface to be scanned in the sub ^scanning direction 
5 are Fmax and Fmin, respectively, the curvatures of the 

opposite lens surfaces of the single lens constituting 

/ 

said third optical element in the sub scanning 

direction are continuously varied from the on-axis 

/ 

toward the off -axis so as to /satisfy the condition that 
10 Fmin/Fmax > 0.9. 

1^ A scanning optical apparatus according to 
Claim wherein the sign of the curvature of at least 

one of the opposite lens surfaces of the single lens 
15 constituting^'^aid^ third optical element in the sub 

scanning direction is reversed from the on-axis toward 



the off-a|tis. / \\ 



Jl^r A scanning optical apparatus according to 
20 Claim >3, wherein the curvatures of the opposite lens 
surfaces of the single lens constituting said third 
optical element in the sub scanning direction are 
varied asymmetrically with respect to the optical axis 
from the on-axis toward the off -axis. 



5- 

A scanning optical apparatus according to 
Claim wherein said third optical element is made by 



I' 
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plastic molding. 

^ A scanning optical apparatus according to 
Claim .^G, wherein said third optical elennent is made by 
5 glass molding. 

19. A scanning optical apparatus comprising: 
light source means having a plurality of light 
source units capable of being independently modulated; 

/ 

10 a deflecting element for deflecting a plurality of 

/ 

independently modulated beams pf light emitted from 
said light source means; 

optical means for causing the plurality of 
independently modulated beams of light emitted from 
15 said light source means to be imaged into a linear 
shape long in the main scanning direction on the 
deflecting sur:f^ce of said deflecting element; and 

an optibal element for causing the plurality of 
beams of light deflected by said deflecting element to 

\ Y 

20 be imaged into a sppt-l^rke shape on a surface to be 



scanned, said optical element comprising a single lens, 
the curvatures of' the opposite lens surfaces of said 
single lens in the sub scanning direction being 
continuously varied from the on-axis toward the off- 
25 axis in the ef^tective portion of the lens. 

i ■ / 

A scanning optical apparatus according to 
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Claim Ji^, wherein when the maximum value and minimum 
value of the F number of the beam of light incident on 
said surface to be scanned in the sub scanning 
direction are Fmax and Fmin, respectively, the 
5 curvatures of the opposite lens surfaces of the single 
lens constituting said optical element in the sub 
scanning direction are continuously varied from the on- 
axis toward the off -axis so as to satisfy the condition 

/ 

that / 
10 Fmin/Fmax > 0.9. / 

% 

^2^^ A scanning optical apparatus according to 

u 
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Claim , wherein the ^sagn ot the curvature of at least 



/ V 

one of the opposite lens surfaces of the single lens 

/ / * 

15 constituting sai^d opti^ax^^lement in the sub scanning 




la 

A scanning optical apparatus according to 
20 Claim wherein /the curvatures of the opposite lens 

/ 

surfaces of the single lens constituting said optical 

/ 

element in the ysub scanning direction are varied 



asymmetrically with respect to the optical axis from 
the on-axis Inward the off -axis. 



Claim ^\ wherein said optical element is made by 



A scanning optical apparatus according to 
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plastic molding. 

A scanning optical apparatus according to 



Claim ^M, wherein said optical element is^^made by glass 
5 molding, / 

/ 

A scanning optical apparatus comprising: 

light source means having a plurality of light 

/ 

source units capable of being independently modulated; 
10 a deflecting element for deflecting a plurality of 

independently modulated beams ,df light emitted from 

said light source means; 

optical means for causing the plurality of 

independently modulated beams of light emitted from 
15 said light ^source means to be imaged into a linear 



shape long in the main scanning direction on the 
deflecting surf a^f^5sai5vdef lecting element, said 
optical^means being comprised of a first optical 



element and^a second optical element; and 
20 a third optibal element for causing the plurality 

of beams of light deflected by said deflecting element 
to be imaged into a spot-like shape on a surface to be 
scanned, saidy^third optical element being comprised of 
at least two/ lenses, the curvatures of at least two 



25 lens surfaces of said two lenses in the sub scanning 
direction J)eing continuously varied from the on-axis 
toward the off -axis in the effective portion of the 
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lens . 

p^T. A scanning optical apparatus according to 

\y: / 

Claim 2^ , wherein when the maximum value and minimum 
5 value of the F number of the beam of light incident on 

said surface to be scanned in the sub scanning 

/ 

direction are Fmax and Fmin, respectively, the 
curvatures of at least two lens surfaces of the two 
lenses constituting said third optical element in the 
10 sub scanning direction are continuously varied from the 
on-axis toward the off-axis so as to satisfy the 
condition that ^ 
Fmin/Fmax > 0.9 

Ag. / V ■ 

15 -2r7. A scanning optical apparatus according to 

Claim Zff, wherein/ the sign of the curvature of at least 
one lens surface ipf sai^ twds^enses constituting said 




V J" 

third optical elemeht^^in the ^ub scanning direction is 
reversed from the on-^axis toward the off-axis. 



J^y. A scanning optical apparatus according to 
Claim >5 , wherein* the cuirvatures of at least two lens 
surfaces of the two lenses constituting said third 
optical element in the sub scanning direction are 

25 varied asymme*^rically with respect to the optical axis 

/' ■ 

from the on-axis toward the off -axis. 
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7/ 



A scanning opt:ical apparatus according to 

( / 

Claim wherein at least one of the two l^ses 

constituting said third optical element is .made by 



plastic molding. 



A scanning optical apparatus according to 



/ 

Claim 28^, wherein at least one of th^ two lenses 



constituting said third optical element is made by 



glass molding . 

A scanning optical apparatus comprising: 
light source means having a plurality of light 
source units capable of being independently modulated; 



A- 
/ . 



a deflecting element for deflecting a plurality of 
15 independent ly^modulal^d beams of light emitted from 
said light source mea'ns; 

opticai^mean^^or causi/ng the plurality of 

independently modulated beams of light emitted from 

- / f 
said light source means to be imaged into a linear 

/ 

20 shape long in^;^the main scanning direction on the 

deflecting surface of said deflecting element; and 

an optical element for causing the plurality of 

/ 

beams of j/ight deflected by said deflecting element to 

/ 

be imaged into a spot- like shape on a surface to be 

/ 

25 scanned^^ said optical element being comprised of at 

least "two lenses, the curvatures of at least two lens 



surfaces of said two lenses in the sub scanning 
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direction being continuously varied from the on^^'axis 
toward the off-axis in the effective portion ffo± the 
lens. 

A scanning optical apparatus according to 
Claim , wherein when the maximum ^tbXxJL and minimum 
value of the F number of the beam of l^ght incident on 



said surface to be examined in the sub scanning 

/ 

direction are Fmax and Fmin, respectively, the 



10 curvatures of at least two lens surfaces of the two 

/ 

lenses constituting said optical element in the sub 
scanning direction are continuously varied from the on- 
axis toward the off -axis so^^4is to satisfy the condition 
that 

15 Fmin/Fmax > O 




A scanning^ qplfijal apparatus according to 
Claim ^-f' wherein th^'^sign of the curvature of at least 



one lens surface of/ the ^two lenses constituting said 
20 optical element in the sub scanning direction is 
reversed from th^ on-axis toward the off -axis. 

/ 

U ' ■ 'I 

^^^j A sicanning optical apparatus according to 

/ 

Claim 3a, wherein the curvatures of at least two lens 

// 

25 surfaces of the two lenses constituting said optical 

element Iti the sub scanning direction are varied 

I 

asymme-^rically with respect to the optical axis from 
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•the on-axis toward the off -axis. 



9'^ 

A scanning optical apparatus according to 




Claim wherein at least ofie of the two lenses 

constituting sal,d^"op%|cal/element is made by plastic 
molding , 



S^. A scannin£^ptic apparatus according to 
Claim wherein/ at least one of the two lenses 

constituting sa^'d optical element is made by glass 
molding . 
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